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ABSTRACT
An optimal rhodium (III) doping scheme for silver bromide emulsions was sought which
maximized emulsion speed loss, emulsion contrast and coated emulsion stability. Experimental
results showed that the photographically active rhodium complex must be co-precipitated with the
silver bromide in order to achieve a sensitometric modification of the final emulsion. This dopant
induced sensitometric modification was not stable and decayed with time.
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1. Introduction
Modifying the photographic properties of silver halide emulsions
by the addition of trivalent rhodium compounds is a process that has
been known for many years. Agfa was already successfully using the
technique in the years prior to the SecondWorld War for the
preparation of high contrast photographic papers. It was not until the
post-war publication of the FIAT and BIOS reports that Agfa's secret
became available to the general photographic community.1 Since that
time the effect of rhodium and its complexes on silver halide emulsions
has been the subject of numerous published technical papers.
The literature is unified in its appreciation for the great influence
of certain rhodium complexes on photographic emulsions. Many
differing opinions exist, however, on the existence of an optimal
placement of these rhodium compounds on or in a given emulsion
grain. The unambiguous definition of such a placement would add a
new dimension to the understanding of rhodium's participation in
photographic science.
1.1 Rhodium Doping Theory
1.1.1 Lattice Incorporation of Rhodium
Evidence supporting the theory that certain rhodium complexes
are able to incorporate themselves into a silver halide lattice can be
found by examining the compatibility of the two components.
Compatibility in the sense of structural configurations and reactivity.
The photographically active rhodium compounds cited in the
literature tend to be structurally similar to silver halide. For example,
the symmetrical, octahedral arrangement of
RhCl63~
complements the
silver halide's face-centered cubic crystal structure:
CI
CI
CI Rh CI
/
CI
CI
This physical compatibility appears to be significant. It has been
demonstrated thatRhC^- complex distortion caused by ligand
exchange (e.g. aquation) or the co-ordination of bulk ligands (e.g.
NO3"
and SO4") produces less photographically active complexes.1-2
In an attempt to identify a possible dependence of rhodium
complex structure on photographic activity, Saki and Baba usedX-ray
diffractometry to study the influence ofRhC^" and Rh(N03>63- co-
precipitation on the silver halide lattice structure.2 When compared to
an undoped control emulsion, the emulsion co-precipitated with
RhCl6^-
was found to have the same silver halide lattice constant but a
significant increase in peak broadness at the diffraction angle
monitored (311 reflection). The peak broadening was interpretted as
positive evidence that the rhodium was being incorporated into the
lattice. This increased broadness could not be detected in crystals co-
precipitated with the photographically inactive
Rh(N03)6^-
complex.
In this work, two conclusions concerning lattice incorporation of
were made:
1) rhodium incorporated in the crystal structure plays an important role
in the photographic desensitization process,
2) addition of bulkier ligands to the rhodium complex decreases the
likelihood of complex incorporation into the lattice.
The ability of the silver halide lattice to
"accept"
a given rhodium
complex was assumed to be critical.
Another parameter considered integral to potential lattice
incorporation of rhodium is reactivity. It has been shown that
RhCl63"
in particular readily reacts with AgN03 iri solution to form an insoluble
Ag3RhCl6 salt.2 This finding can be viewed as an indication that
rhodium complexes have the possibility of actively participating in the
emulsion precipitation process. It does not, however, provide
information on how well the complex competes with halide and silver
ions for lattice incorporation.
Saki and Baba used potentiometric titration measurements to
study the dynamic effects of adding
RhCl^3"
to the precipitation of a
silver halide emulsion. They were able to demonstrate two effects:
1) RhCl63- is capable of co-precipitating with silver bromide in the
presence of excess bromide,
2) this co-precipitation took place despite an obvious solubility
difference between silver bromide and Ag3RhCl6.
A similar potentiometric study revealed Ag3RhCl6 to have a
solubility closely approximating silver chloride.
The experimentation was repeated with RhCl63" being replaced
by the photographically inactive Rh(N03)63-. in this testing, the
AgN03 would not react with Rh(N03)63" and no insoluble product
was formed.
Using a combination of empirical data and computermodel
calculations, Weiss et al. have postulated that the rhodium (Rh3+),
once incorporated, is electrostatically compensated for in the crystal
lattice by the presence of two negatively charged silver ion vacancies3.
This configuration, it is thought, produces a crossectional environment
conducive to both electron and hole trapping:
[Rh3+Cl6]3- +
2[AgvaJ-
t^
[Rh3+Cl6]4- [Agvach]0 + [Agvac]-
Given this model, the function of the lattice bound Rh3+ becomes one
of a highly effective center for recombination.
1.1-2 Surface Adsorption ofRhodium
Other researchers have concluded that it is not the deeply buried
rhodium (DI) that has the greatest influence on crystal sensitivity,
rather it is the rhodium (HI) located near the surface which is
photographically active.
Welzel and Ewa both perceived the rhodium "effect" as a purely
grain surface phenomenon. The desensitization of the grain was seen
as an interaction of a photographically active rhodium (HI) complex
with crystal sensitivity centers. This interaction resulted in the
desensitization of sensitivity sites and a corresponding loss in
sensitometric speed.1-4
Beck, Kiss and Szalay addressed the question of internal versus
external doping effectiveness in sequential journal articles.5-6 It was
their assertion that any attempt to bury the rhodium deeply in the
crystal would deactivate its desensitizing capability. To prove their
point the group experimented with a series of post-precipitation
techniques. Comparing emulsions co-precipitated with
hexachlororhodate to coated, non-doped emulsions that were immersed
in a hexachlororhodate/NaCl solution just prior to exposure, the group
concluded that: "Rh(III) complexes inside the grains do have an effect
on the decrease of sensitivity and increase of gradation [but] this is
negligibly small compared with the effect ofRh(IH) complexes bound
on the
surface."
Samoilavich interpreted rhodium in silver halide emulsions as
being an integral part of a two step desensitization process.7 As the
Rh(DI) centers in the grain efficiently trap photoelectrons, more and
more holes will be liberated. The liberated holes migrate to the surface
where they are capable of bleaching latent images, resulting in
emulsion speed loss. The closer to the surface a hole is liberated, the
greater the chance of latent image destruction. In summarizing her
results Samoilavich wrote: "the higher the amount of rhodium salts
added [to an emulsion] and the higher the concentration of rhodium
near the surface [of the grain], the
greater"
the influence of the rhodium
on emulsion sensitivity.
1-2 Mechanism ofRhodium Desensitization
It is generally accepted that the appropriate rhodium (HI)
complexes, when added to a silver halide emulsion, compete with
intrinsic lattice defects as trapping sites for photoelectrons. These
rhodium (EI) complexes act as strong electron traps which drastically
reduce the lifetime of photoelectrons in emulsion grains. In
photographic terms this represents a non-image forming process and
effectively reduces the sensitivity of an emulsion.1 Rhodium's great
efficiency at performing this function is reflected by the small amount
(as little as 100 rhodium atoms per grain) which must be added to an
emulsion in order to produce a profound sensitometric effect.3 It was
this minute, undetectable level which helped keep rhodiumAgfa's
secret.
The ability of rhodium (HI) to trap electrons efficiently and to
hold them ("deep trap") is considered to be the basis for the rhodium
"effect". As one part of a study on rhodium doping, Eachus and
Graves used photoconductivity measurements to determine the half-life
of photoelectrons in both pure and rhodium (D3) doped AgBr emulsions
generated as the result of exposure to actinic light.8 It was determined
that the typical photoelectron half-life in the AgBr crystal at 77K was
approximately 10 msec.; the half-life of a photoelectron (t1/2[e~]) in a
50 ppm rhodium (HI) doped crystal was reported to be below the 1
msec, minimum detection limit of the equipment. This drastically
enhanced electron trapping ability in the doped crystal was still below
detection limit even at room temperature.
In further experiments utilizing both electron paramagnetic
resonance (EPR) and optical absorption spectroscopy to evaluate
rhodium's electronic states in doped AgBr crystals, Eachus and Graves
produced strong evidence to support the theory that rhodium (D3)
incorporated in the grain lattice was the
"effect"
causing species.8
Citing EPRmeasurements which detected the formation of a
paramagnetic species in a doped crystal after exposure to visible
radiation, Eachus and Graves assigned the response to the reduction of
lattice bound Rh3+ to Rh2+. The researchers stated several reasons for
reaching this conclusion:
1) EPR signals were generated in single crystals ofAgBr
containing up to 200 ppm of trivalent rhodium ions after
exposure in situ to visible radiation from 350 - 750 nm. The
signal generation was consistent with the reduction of the
diamagnetic Rh3+ t0 the Rh^+ paramagnetic state,
2) EPR spectra of the assumed reduced rhodium species were
very similar to previously reported EPR spectra for Rh2+,
3) doped crystals heated to 39C in the dark did not generate
EPR signals,
4) "the species giving rise to the EPR multiplet spectral
absorptions must be associated with rhodium since the observed
spectra exhibited a direct intensity dependence upon the
concentration of Rh (LTI) ions present in the material".
Optical absorption spectroscopy measurements in the same work
showed the absorption spectrum of the doped crystal exhibiting an
absorption tail extending beyond the fundamental indirect edge of the
pure AgBr, well into the red region (fig. 1). These data are consistent
with earlier work involving doped silver halide crystals.
Figure 1 UV/Vis Absorption Spectrum
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Eachus and Graves, J. Chem Phys., 61, 2860-2867 (1974).
Moser and Ahrenkiel have pointed out that this type of extension
is often seen when impurities are present in silver halides in the range
of 10-4 to 10"7 mole fractions.9 They have stated that "impurities in
such low concentrations often have energy states in the [silver halide]
forbidden gap [which] can strikingly modify the optical, electronic, and
ionic characteristics of large crystals... by extending the optical
absorption into the visible and providing states that act as electron
traps, hole traps or recombination centers. Impurities can be the
dominant factor in a crystal's response to light".10
Using this combination ofEPR and optical spectra data Eachus
and Graves postulated the existence of "several photolysis processes
occurring in the doped AgBr, all of which resulted in the reduction of
the transitionmetal impurity ion".
1.3 Effective Rhodium Dopant Complexes
As mentioned above, not all rhodium (IH) complexes are
photographically active. In fact, the literature indicates that very few
complexes actually demonstrate useful photographic activity. Of these
notable few candidates it is the halorhodate (HI) complexes which are
consistently identified as the most potent desensitizers in silver halide
emulsion systems.2
Investigating the effectiveness of chloro and aquochlororhodate
complexes Heiman produced compelling evidence demonstrating the
emulsion desensitizing supremacy of the hexachlororhodate (IH)
species over any of the aquo substituted forms.11 Utilizing a simple
emulsion precipitation apparatus (silver, salt and reactor vessels) and
two different dopant complexes (RhCl63~ and Rh[H20]3Cl3) he
found that emulsion precipitation conditions which favored the
stabilization of the Rh[H20]3Cl3 complex or conversely destabilized
the
RhCl63"
complex resulted in a decrease of the rhodium
"effect". The more chloride ligands the greater the photoactivity of the
rhodium complex.
Beck et al. studied the desensitizing effects ofmany rhodium
complexes containing ligands other than chloride and water.5
Concerning the nature of rhodium (IH) ligands as they relate to the
photographic activity of the rhodium complex the group concluded:
1) the more coordination sites which are occupied by halide ions
the greater the photoactivity of the complex,
2) for any effect to be realized at least one halide ion must be
present in the coordination sphere of the rhodium complex.
In general, the literature indicates the modification of the ligand
arrangement in a photographically active rhodium (HI) complex will
result in modified dopant activity.
1.4 Rhodium Complex Stabilization
Given the varying degrees of photoactivity for different rhodium
complexes, stabilization and identification of a given complex prior to
its addition into a silver halide emulsion is mandatory if reproducible
results are desired.
Spectrophotometric studies comprise the bulk of data available
on the stability of halorhodate complexes in solution. In 1956,
Jorgenson assigned the two characteristic absorptionmaxima of
RhCl63- in water as 518 and 411 nm.12 In addition to
spectrophotometrically characterizing RhCl63", Jorgenson noted ligand
substitution experienced by this complex in water and undertook a
study to determine possible stabilizing
parameters. In the stabilization
study, the spectra of
RhCl63" dissolved in 6M HC1, 1M HC1, and 1M
HCIO4 solutions were monitored as a function of time (table 1).
Table 1
Aquation ofRhCl6
Xmaxd) 1 Xmax(2) 2
6 M HC1:
immediately 518nm 100 412 nm 81
7 days after 519 100 411 81
60 days after 518 100 411 81
1 M HC1:
2 minutes after 513 105 405 99
4 minutes after 510 104 406 101
12 minutes after 508 103 402 105
2 days after 495 92 392 101
14 days after 494 90 391 99
28 days after 494 89 391 98
57 days after 495 90 392 97
1 M HCIO4:
2 minutes after 513 102 410 95
8 minutes after 510 101 404 102
10 minutes after 508 101 403 104
120 minutes after 500 94 396 101
2 days after 490 89 390 100
14 days after 481 79 384 90
28 days after 478 79 380 90
57 days after 477 79 379 89
Jorgenson, Acta Chem. Scand., Volume 10, No. 4, 1956.
The decreasing maxima reported in the 1M HC1 and 1M HCIO4 acid
solutions were consistent with an increase in ligand field splitting
associated with the substitution of a chloride ligand by a stronger field
water ligand.13 In describing these spectral shifts Jorgenson wrote, " it
is interesting to note that the halfwidths of the bands are not greatly
increased. Generally, a mixture of several complexes tends to have
higher halfwidths, i.e. the bands are blurred out. In this particular case,
the reaction rates for expelling chloride ions, k_6, k_5.seem to be
highly decreasing with with decreasing number of chloride ligands at
constant pH. Thus, the system may contain mainly two complexes at
the same time, as it gives not so levelled a spectrum as a mixture of
many components". Kinetic studies years later would confirm these
observations.14
In 1962, Reynolds, Wolsey and Kleinberg were able to isolate
and spectrophotometrically characterize the aquochloro complexes
Rh[H20]63+ through RhCl63- using HC1:HC104 acid solutions and
ion exchange separation techniques.15 UV/visible absorption maxima
were assigned for the various complexes (table 2).
Table 2
Amaxm Amax(2)
RhCl63-
Rh(H20)Cl52-
518 nm
507
411 nm
402
Rh(H20)2Cl4l-
Rh(H20)4Cl21+
488
450
385
349
Rh(H20)5Cli2+
Rh[H20]63+
426
396
335
311
Another photographically relevant stabilization technique was
demonstrated by Heiman.8 By means ofUV/visible
spectrophotometry, the researcher investigated the effect ofNaCl
concentration on the stability of
RhClg3- in water. It was determined
that a solution of at least 25% NaCl was required to prevent the
decomposition of the hexachloro complex. At lower NaCl
concentrations, the characteristic spectral blue shift of the changing
rhodium complex was evident.
In addition to stabilizing the desired rhodium complex prior to
its introduction into an emulsion, knowledge of emulsion solution
parameters which contribute to rhodium effectiveness has also been
found to be important. Appreciation for interactions between
photoactive rhodium complexes and certain emulsion components is
necessary for assuring reproducible photographic responses.
10
Heiman measured the "deactivating" effect of photographic
gelatin on certain rhodium complexes.8 Experiments showed that the
addition of gelatin to an aqueous RhClg3" solution resulted in changes
to the solution's spectral response. This spectral change was attributed
to a reaction between the gelatin and the rhodium complex. It was
noted in the study that experimental conditions such as:
1) high gelatin concentration,
2) RhCl63~ maintained in low chloride concentration
environment or,
3) use of a dopant solution rich in PJ1CI3 complex,
exaggerated the extent of the gelatin solution spectral shifting. It was
also noted that the "melting point of the gel increased with increasing
rhodium concentration proving that the reaction is a crosslinkage based
on coordinate bonds, similar to the reaction of chromium salts".
Another potential competing reaction in the bulk emulsion is the
established interaction between certain rhodium complexes and silver
ions which result in insoluble compounds.2 Even though the
dopant/silver interaction is considered to be a positive phenomenon
with regard to photographic activity, it highlights the need to
understand emulsion solution dynamics at the time of rhodium
introduction. Unknown silver concentration gradients in the bulk of the
emulsion solution could lead to variable Rh/Ag complexing and
possibly to variability in dopant photographic effect.
1.5 Instability of the Rhodium Effect
The need for a stabilizer to be incorporated into rhodium
containing emulsions to prevent the emulsion from gaining speed
(sensitivity) upon aging is well known.16-17 Sidebotham was able to
demonstrate that post-precipitation addition of CdBr2 to a rhodium
doped emulsion significantly stabilized the emulsion to accelerated
aging conditions (120F oven/ 35% relative humidity/7
days).17 In a
later patent, Sidebotham andWoodward again pointed out the need for
11
stabilizing rhodium doped emulsions and proposed the use of
manganous salts as a suitable, more environmentally friendly substitute
forCdBr2.18
1.6 CurrentWork
The objective of the current study was to better define the
relationship between the rhodium
"effect"
and the physical location of
Rh (HI) inside a silver bromide emulsion grain.
Using rhodium introduction as a function of crystal growth to
define dopant lattice location, an optimal rhodium doping scheme was
sought which maximized:
1 ) emulsion speed loss,
2) emulsion contrast and,
3) coated emulsion sensitometric stability.
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2. Experimental
2.1 Na3EhCl6-^I2 H2Q Characterization
Characterization of the solid Na3RhCl6 * 12 H2O sample
(Anitec lot 4261) was performed by both infrared and UV/ visible
spectroscopy. The two instruments utilized for the analyses were
located in RTT's Center for Imaging Science.
A Perkin-Elmer 683 spectrophotometer equipped with a 3600
Data Station was used to determine the infrared spectrum of the
rhodium sample. A physical mixture ofNa3RhCl6 * 12 H2O and
potassium bromide was pelletized and placed into the instrument
sample holder. The resulting spectrum was displayed in the percent
transmission mode.
The UV/visible spectroscopic analysis was performed on an
IBM Model 9420 spectrophotometer using a 55 ppm Na3RhCl6 * 12
H2O aqueous solution. Solution preparation was performed
immediately prior to spectroscopic evaluation in order to nunimize
effects of aquation. Absorption maxima of the two characteristic
visible region peaks associated with this complex were recorded.
2.2 Na^RhClfi * 12 RgO Dopant Solution Stability
Stability of the RhCl63~ complex in each of two aqueous
environments was determined using the IBM 9420 UV/visible
spectrophotometer. The following two solutions were prepared:
1) 55 ppm Na3RhCl6 * 12 H2O aqueous solution,
2) 55 ppm Na3RhCl6 * 12 H2O, 25% NaCl aqueous solution.
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In each case, the solution was prepared at room temperature and
monitored spectrophotometrically for two hours. Absorption maxima
data for the two characteristic visible spectral peaks were recorded as a
function of time.
2.3 Emulsion Preparation
2.3.1 Monitoring equipment and Laboratory Standards
Critical monitoring of precipitation pH and pAg was achieved
by means of a dual electrode system. A glass pH electrode and silver
billet electrode were placed in the emulsion precipitation vessel and
paired to a remote silver/silver chloride reference electrode. Electrical
contact between the remote reference electrode and precipitation vessel
solution was made through a salt bridge assembly with fritted disc
ends. Potentials were measured using a potentiometer.
Performance of the pH and silver billet electrodes were checked
prior to each emulsion precipitation. The pH electrode was routinely
calibrated using two commercially available pH standards, pH = 7 and
pH = 4. The silver billet was standardized at 40C against three
potassium bromide stock solutions saturated with washed silver
bromide:
solution 1 0.01 M KBr mV = 14 +/- 3
solution 2 0.001 M KBr mV = 75 +/- 3
solution 3 0.0001 M KBr mV=139+/-3
Prior to standardization, the silver billet electrode was cleaned and then
carefully electroplated with silver bromide according to the procedure
detailed in Attachment 1.
A chart recorder was used to document the mV profile of each
emulsion precipitation.
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2.3.2 Emulsion Formulation
The basic silver bromide emulsion formulation used for this
experimentation was based on a well established RTT procedure for
precipitating a small, monodispersed emulsion. It consisted of a
conventional double jet configuration in which equimolar (1.0 M)
solutions of silver nitrate and potassium bromide were delivered into a
two liter stainless steel reactor vessel. A total of 0.5 moles of silver
nitrate were used to make each emulsion. Any deviation frommV aim
during an emulsion precipitation was corrected manually by adjusting
potassium bromide flow rate.
The technique of reagent pump flow ramping was used to
minimize time of precipitation without creating conditions for
renucleation. Figure 2 illustrates the silver nitrate solution flow ramp
used for all emulsions. The theoretical precipitation time for this
emulsion formulation was 58 minutes. A complete emulsion
precipitation formulation can be found in attachment 2.
Figure 2
Silver Nitrate Ramp Flow
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2.3.3 Rhodium Doping
A series of five emulsions were prepared according to the
procedure outlined above. One emulsion, the control, was precipitated
without the addition of the rhodium complex. The other four emulsions
were each doped with the same level of rhodium complex, differing
only in the stage of crystal growth at which the dopant was introduced
into the precipitation vessel.
Each doped emulsion received 1 ml of a 3.2 x 10"6 M Na3RhCl6
* 12 H2O (25% NaCl) solution at a predetermined time during the
precipitation. The dopant solution was prepared no less than 20
minutes and no longer than 80 minutes prior to its addition into the
precipitation vessel. The addition of the dopant solution was
performed as follows:
a) shut off reagent pumps, maintain constant stirring,
b) wait 30 seconds,
c) pipette 1 ml rhodium solution into precipitation vessel,
d) wait 30 seconds,
e) turn reagent pumps on and resume precipitation.
A summary of dopant characteristics for each emulsion is reported in
table 3.
Table 3
Concentration of dopant
% precipitation in completed emulsion
emulsion completed at dopine (mole Rh/moleAg)
A (control) - 0
B 1 6.4 xl0-9
C 33 6.4 xl0-9
D 66 6.4 xl0-9
E 94 6.4 xl0-9
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2.3.4 EmulsionWashing
The use of Polaroid supplied, emulsion grade phthalated gelatin
in the precipitation vessel greatly facilitated the washing process.
Flocculation occurred readily when the emulsion pH was lowered to
3.5.
The wash procedure was performed as follows:
a) the emulsion pH was reduced to 3.5 and the supernatant was
allowed to clear,
b) the clear supernatant was manually decanted,
c) 1000 ml of deonized water was added to the flocculate,
d) the solution pH was raised to 6.0 and the flocculate redispersed with
stirring (15 minutes),
e) the emulsion pH was again reduced to 3.5 and the supernatant was
allowed to clear,
f) the clear supernatant was manually decanted,
g) a solution of 92.5 g gelatin in 1 liter deionized water (solution D in
attachment 2) was added to the flocculate,
h) the emulsion was brought to 1500 ml total volume with deionized
water,
i) pH was raised to 6.0,
j) the emulsion was stirred for 15 minutes.
pAg of the final solution was adjusted to 8.0 at 40C and 20 ml of a
2% thymol solution was added as a bactericide. Samples of each
emulsion were submitted to Anitec's Analytical Testing Laboratory for
silver concentration analysis.
2.4 Emulsion Characterization
2.4.1 Emulsion Crystal Analysis
Samples of all five test emulsions were submitted to Anitec's
Imaging Laboratory for transmission electronmicroscope analysis. For
each emulsion, Mr. Rudolph Masaryk generated a series of
8"
x
10"
print pictures of the crystal carbon replicates with overall magnification
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of 1:80000. The emulsions were then evaluated for crystal size, crystal
morphology and crystal size distribution.
In an attempt to analytically determine the location and
concentration of lattice incorporated rhodium, each emulsion was
analyzed using Secondary Ion Mass Spectroscopy (SIMS). Mr.
Norman Newman of 3M Laboratories submitted the samples on behalf
of the author to 3M's Corporate Research Analytical Department for
testing. For this test only, an additional sixth emulsion sample (X)
was submitted for analysis. Sample X was a silver bromide
emulsion precipitated according to the above procedure but core
doped (after 1% of the precipitation had been completed) with 103
times the rhodium level added to the doped emulsion used in this study.
2.4.2 Coating
All emulsion coatings were performed atAnitec's Research and
Development Laboratories in Binghamton, New York. The coating
apparatus was an
8"
wide, air knife equipped loop coater.
The five primitive emulsions (A through E) were coated on a
clear, gelatin subbed polyester support. A sixth coating variation was
prepared using the control emulsion (A) whereby the appropriate
amount of rhodium dopant, 6.4 x 10"9 mole Rh/mole Ag, was added to
the melted emulsion just prior to coating. Mucochloric acid was used
as the hardening agent and saponin was added to the coating solution
as a coating aid. A silver coating weight aim was set at 3.5
+/- 0.1 g
Ag/m2. The coatings were dried and then slit up into strips to facilitate
sensitometric evaluation.
2.4.3 Sensitometric Evaluation
Three strips from each coating were exposed using an EG&G
Mark VU sensitometer equipped with a high intensity Xenon light
source. Key exposure variables were set as follows:
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flash duration 10-3 seconds
flash filtration none
attenuation 21 step, square root gray scale
Exposed strips were tray developed at 25C with constantmanual
rocking agitation for 2 minutes in Kodak D-76 developer. The strips
were fixed for 2 minutes in Anitec Repromatic 160 fixer and then water
washed for 30 minutes.
Step densities on each strip were read using a calibrated
MacBeth TR927 densitometer in the transmission mode. For each
coating the three-strip densitometric information was averaged to
produce a single characteristic curve response. For each characteristic
curve the following information was calculated:
a) Dmin (base + fog)
b) gradient (defined by linear part of the curve)
c) toe speed (speed@ 0. 1 density above Dmin)
d) mid speed (speed@ 1.6 density above Dmin)
e) shoulder speed (speed @ 3.6 density above Dmin)
2.4.4 Accelerated Aging Tests
Each emulsion coating was subjected to a series of accelerated
aging tests to determine the sensitometric stability of the coatings at an
elevated temperature and different relative humidity conditioning
environments. Various incubation time/relative humidity combinations
were performed. Table 4 presents a detailed listing of the experimental
design matrix:
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Table 4
# STRIPS
%RH FROM EACH STORAGE #WEEKS
POUCH # CONDITION COATING TEMP. (F^ STORED
1A 20+/-l% 3 105+/- 0.5 1
IB 50+/- 1% 3 105+/- 0.5 1
1C 80+/- 1% 3 105+/- 0.5 1
2A 20+/-l% 3 105+/- 0.5 2
2B 50+/- 1% 3 105+/- 0.5 2
2C 80+/- 1% 3 105+/- 0.5 2
3A 20+/-l% 3 105+/- 0.5 3
3B 50+/-l% 3 105+/- 0.5 3
3C 80+/-l% 3 105+/- 0.5 3
4A 50+/- 1% 3 -4 +/-0.5 3
Coated strips were conditioned at appropriate humidity conditions for
one hour. The strips were then pouched in light-tight, aluminum lined
bags and placed in a temperature controlled 105F oven. A total of ten
pouches were prepared each containing three strips from every coating,
1 through 6, in a randomized arrangement.
Every week a pouch of coated strips from each relative humidity
condition was removed from the oven, allowed to cool and evaluated
sensitometrically. The pouch 4A was held at low temperature for three
weeks and processed concurrently with pouches 3A, 3B and 3C.
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2.5 Sensitometric Testing Error Analysis
2.5.1 Mid Speed Error Analysis
2 sigma confidence intervals around each calculatedmid speed
point were approximated by taking into consideration sensitometric
variation contributed by two primary sources: variation within a given
test sequence (i.e. single day analysis strip-to-strip variation) and
variation between test sequences (i.e. week-to-week analysis
variation).
Using the single-strip raw data, strip-to-strip variation (s^s.s) was
calculated for each of the 60 mid speedmean values generated over the
three week testing period (Eqn. 1).
Eqn. 1 variance: s2s_s = [(Yi-F)2 + (Y2-F)2 +...+ (Yn-F)2] / n-1
for s2s_s: Y = average mid speed of three strips
n =3
Y\ . . .Yn = individual strip mid speeds
The information was then pooled (Eqn. 2) to produce an overall
estimation of this error.
Eqn. 2 pooled variance: sp2 = (dftei2 + (dttso2 +...+ (dflSm2
m (df)
for sp2: df =2 (degrees of freedom)
m =60
s 12. . = variance for each averaged mid
speed data point (from eqn. 1)
Sensitometric variation between test sequences, s2w_w, was
estimated by comparing the original fresh sensitometric mid speed
results with the results obtained three weeks later from the testing of
21
the refrigerated set. Since the comparison was between only two
points for each rhodium treatment, Eqn. 1 was modified as follows:
for s2w_w; y = average of two mid speeds
n =2
Yi . . .Yn = individual mid speeds
The information was then pooled (Eqn. 2) to obtain an overall
estimation. Eqn. 2 was modified as follows:
for Sp2; df =1 (degree of freedom)
m =6
slsm^ = variance for each averaged mid
speed data point (from eqn. 1)
Once calculated, the two components of variation could then be
combined to produce an overall standard deviation for the experimental
data, seXp (Eqn. 3).
Eqn. 3 sexp = ( 2s-s + *2w-w
)1/2
2.5.2 Contrast Error Analysis
The approach to approximating 2 sigma confidence intervals for
the emulsion contrast data was identical to the error analysis detailed in
section 2.5.1.
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3. Results and Discussion
3.1 Na-^RhCk * 12 HoO Qiaracterization
Infrared spectroscopy data on the Anitec lot 4261 rhodium
sample (figure 3) agreed with earlier results on the same complex
reported by Fergusson and Sherlock19:
\)(OH) t) (HOH) x> (Rh-Cl)
stretch bend stretch
Fergusson & Sherlock 3500 1630 328 306
Anitec sample 3500 1629 329 307
The characteristic Rh-Cl stretch frequencies of the Anitec sample were
clearly defined in the spectroscopic output.
The UV/vis absorption spectrum for RhCIs3- in water
corresponded well with peak maxima data reported by Wolsey et al.
for the hexachlororhodate species15:
Amax(l) Xmax (2)
Wolsey etal. 518 nm 411 nm
Anitec sample 515 409
3.2 Na^RhClft * 12 H/iO Dopant Solution Stability
Heiman reported the need for stabilizing the
RhCl^3"
complex in
an aqueous solution with NaCl.11 His study showed the complex to be
unstable with respect to aquation when dissolved in water. The
progression of the resulting ligand exchange process:
(Rh[H20]xCl6.x)-3+* JSa. (Rh[H20]x+1Cl5.x)-2^ + (X+1)C1-
x = 0, 1,2,3,4,5
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could be analytically monitored by following the shift ofUV/vis
absorption maxima toward shorter wavelengths as a function of
solution age.
In the current study, aqueous dopant solutions were prepared
with and without NaCl and spectrophotometrically monitored for two
hours. The data obtained confirmed the superior complex stabilizing
ability of the 25% NaCl solution (figure 4).
Figure 4
UV/VIS SPECTOPHOTOMETRIC STUDY
HEXACHLORORHODATE IN H20 AND 4N NaCl
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In this high chloride environment, a quick shifting of solution
absorption peaks during the first ten minutes ofmonitoring indicated
the establishment of a hexachlororhodate/pentachlororhodate
equilibrium that remained stable for the balance of the two hour test
period.
To ensure dopant solution consistency between all emulsion
batches, each dopant solution was required to be between 20 and 80
minutes old at the time of its addition into an emulsion.
3.3 Non-sensitometric Emulsion Analysis
Following the successful precipitations of the test emulsions, a
series of analytical testing procedures were utilized to define the major
characteristics of each emulsion.
Samples of all five emulsions were submitted to Anitec's
Analytical Testing Laboratory for silver concentration analysis (table
5).
Table 5
silver concentration
emulsion (g Ag/kg emulsion)
A 36.14 +/- 0.06 (2 sigma)
B 33.50+/- 0.06 (2 sigma)
C 31.83+/- 0.06 (2 sigma)
D 32.91 +/- 0.06 (2 sigma)
E 34.71 +/- 0.06 (2 sigma)
Electron micrographs generated by Mr. R. Masaryk atAnitec
were used to evaluate the major physical properties of each emulsion.
Figure 5 shows a typical electron photomicrograph of the emulsions;
table 6 lists critical emulsion characterzation information.
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Figure 5
1 iim
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mean grain size -
diameter (microns'! % dispersion* morphology
0.132+/- 0.009 (2 sigma) 11.4 rounded cube
0.137+/- 0.009 (2 sigma) 11.4 rounded cube
0.138+/- 0.009 (2 sigma) 11.4 rounded cube
0.132+/- 0.009 (2 sigma) 11.4 rounded cube
0.138+/- 0.009 (2 sigma) 11.4 rounded cube
Table 6
emulsion
A
B
C
D
E
* (emulsion crystal size standard deviation/average crystal size) x 100
Mr. S. Pachuta at 3M laboratories used a Secondary Ion Mass
Spectrometry (SIMS) technique to analyze the emulsion samples in an
attempt to obtain a rhodium depth profile on each. Only sample X
contained a rhodium concentration high enough to be detected by the
instrument. In all other cases the rhodium signal could not be
effectively separated from test noise. Segments of the 3M test report
concerning sample preparation and data analysis are appended
(attachment 3).
3.4 Coating
A uniform silver coating weight, within the 3.5 +/- 0.1 g Ag/m2
specification, was obtained for each emulsion. The high, limited range
silver coating weight specification helped to minimize the possibility of
speed variation due to coating thickness of the emulsions. Very small
air bubble voids were evident in the high density areas of the coatings,
inhibiting a reliable determination ofDmax information. Detailed
coating information can be found in table 7.
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Table 7
% ppt. complete concentration ofRh
1 A 0
2 B 1 6.4 x 10-9
3 C 33 6.4 x 10-9
4 D 66 6.4 x 10-9
5 E 94 6.4 x 10-9
6 A 100* 6.4 x 10-9
* dopant added as addendum just prior to emulsion coating
3.5 Sensitometric Testing
3.5.1 Mid Speed Error Analysis
2 sigma confidence intervals around each calculated mid speed
point were approximated using Eqns. 1, 2 and 3 found in section 2.5.
In estimating the sensitometric variation within a given test
sequence, ss_s three observations were made:
1) for any given test sequence each calculatedmid speed value would
be the average result of three strips all environmentally treated in the
same manner and independently measured,
2) all strips receiving the same environmental treatment were
randomized within a given pouch,
3) all strips in a given test sequence were randomized prior to
sensitometric testing.
s2-,, was assumed to include contributions from:s-s
* coating nonuniformity
* sensitometric exposure variation
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* densitometric reading variation
* plotting inaccuracies
* developer solution aging during tray processing.
In estimating sensitometric variation between test sequences,
s w-w> it was assumed that the refrigerated material did not undergo
any significant changes during the three week refrigeration period
which impacted on its sensitometric response.
Considered as major contributors to $2W_W were:
* sensitometric equipment variation
* processing variation (chemistry and technique)
The two components of variation were then be combined to
produce an overall standard deviation for the experimental data, sexp
(Eqn. 3).
sexp = ( s s-s + s w-w )
sexp = (
0.0152 + 0.0322 )i/2
*exp = -035
2seXp = 0.070 logE
3.5.2 Contrast Error Analysis
The contributions of strip-to-strip and week-to-week contrast variation
were calculated to be:
ss.s =0.16
*w-w = -25
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Substituting these values into Eqn. 3:
seXp =0.30
2sexp = -60
3.5.3 Sensitometry: Accelerated aging at 20% and 50% RH
The 20% and 50% RH accelerated aging mid speed data for
each coated emulsion are plotted in figures 6 through 15. Each figure
represents the aging response of a single emulsion at one
preconditioning humidity compared directly to the response of the
control emulsion treated in the same manner.
Initial data analysis on this information indicated one strong
similarity between all the sets of data. It could be demonstrated by
linear regression calculations that all emulsion/treatment combinations
produced a highly significant linear speed gain over the first two weeks
of treatment (table 8).
Table 8
LinearModel R2
Coating %RH (0-2 weeks)
1 (control) 20 0.96
2 20 1.00
3 20 0.99
4 20 0.98
5 20 0.94
6 20 0.91
1 (control) 50 0.99
2 50 0.96
3 50 0.99
4 50 0.96
5 50 0.99
6 50 0.99
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For each data set this linearmodel has been plotted and 2sexp errorbars have been generated, centered on the regression line.
In almost all cases, the three week oven aging data point was
considered to deviate from the linearmodel calculated above. Since
the inclusion of these points would have necessitated the introduction
ofmore complicated non-linear modelling techniques to achieve
equivalent data approximation, this information was plotted as
individual data points on each figure. Error bars have been centered on
the individual points.
From these figures, three general statements about the efficiency
of rhodium doping in this work can be made:
1) the introduction of the rhodium dopant solution into the emulsion
precipitation process at any stage from 1 - 94% completion
effected a significant emulsion sensitometric speed reduction,
2) for all four of these doping variations (1-94%) the extent of initial
speed desensitization was statistically equivalent based on the
extensive overlapping of 2 sigma error ranges,
3) addition of the rhodium dopant as a coating addendum produced no
sensitometric effect.
In all cases there existed a strong trend toward speed
homogeneity within the aging test time period. After three weeks of
oven aging treatment at both 20% and 50% RH, all rhodium treated
emulsion mid speeds were statistically equivalent to the control
emulsion.
Utilizing a more subjective analytical treatment, the data can be
interpreted to suggest factors which influence the stability of the
rhodium "effect". Table 9 lists the results of a point-by-point mid
speed comparison for significant difference between the control
emulsion and all others at each treatment combination.
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Table 9
Mid Speed Significantly Different from Control?
Ctg# %RH wkO wk 1 wk2 wk3
2 20 * yes yes no
3 20 yes yes yes no
4 20 yes * no no
5 20 yes no no no
6 20 no no no no
<0.03 log E overlap of 2sexp intervals
Ctg# %RH wkO wk 1 wk2 wk3
2 50 yes * no no
3 50 yes yes no no
4 50 yes * no no
5 50 yes no no no
6 50 no no no no
* <0.03 log E overlap of 2sexp intervals
The influence of two major experimental parameters are notable
in this analysis:
1) rhodium location - the data suggest that stability of the dopant
"effect"
may be gained by introducing the rhodium early in the
emulsion precipitation process,
2) environment - increasing the relative humidity of emulsion storage
appears to increasingly destabilize the rhodium "effect".
The data are insufficient to state these observations as
conclusions. Further experimentation would be required to verify the
assumptions.
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Emulsion contrast was not found to be a significant response
parameter in this work. All emulsions exhibited high contrast (4.5 -
5.5) throughout all testing treatment combinations with no significant
aging related trends; no doped emulsions significantly deviated from
the control. These high emulsion contrasts were similar to the
emulsion contrasts found in work on rhodium doping presented by
Samoilovich.7
In Samoilovich's work, equally high contrast emulsion/developer
combinations were achieved for both control and rhodium doped
emulsions. It was well noted that no contrast enhancement
accompanied sensitometric speed loss upon coprecipitation of a
photographically active rhodium complex to the emulsion under test.
Weiss et al. reported a correlation between rhodium induced
contrast enhancement and exposure intensity.3 In their study, they
showed the sensitometric effects of rhodium on an emulsion decreasing
with increasing exposure intensity. It is possible that the high intensity
exposure source (EG&G) used in the current study minimized
rhodium's overall effect.
3.5.4 Sensitometry: Accelerated aging at 80% RH
At 80% RH all emulsions underwent drastic speed increases
within the first week of oven treatment; speed changes were on the
order of 0.30 log E. After one week, the tightly grouped mid speeds
of doped emulsion coatings 2, 3 and 5 could not be significantly
separated from the control coating. Once again, coating 6 did not
deviate from control. Rate of speed change dropped off rapidly for all
emulsions between weeks one and two.
The magnitude of the responses under this, the harshest of the
three humidity treatments, too quickly overwhelmed the speed
relationships between emulsions but did offer information which could
be used to further the credibility of two observations made above in
section 3.5.3. First, the data provided continuing evidence that the
increasing of storage relative humidity leads to increasing
destabilization of the rhodium "effect". Second, the presence of strong
initial speed increases followed by quickly decreasing rates of change
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fits well with the use of a linear to non-linearmodel combination to
approximate emulsion storage speed increase.
3-6 Rhodium "Effect" Mechanism
The data suggest a need to incorporate, or at least co-precipitate,
a photographically active rhodium compound into a silver halide
emulsion in order to derive an "effect". Contrary to some past studies,
the post-precipitation addition of rhodium to an emulsion failed in this
work to produce any change in the major sensitometric characteristics
(speed and aging) of the control emulsion.
It is important to note that as long as the rhodium was introduced
into the precipitation any time between nucleation and final shell
growth, desensitization took place. Unfortunately, without the SIMS
depth profile information, no analytical data is available to define the
precise location of rhodium within each emulsions'grains. Whether the
rhodium complex stayed in a tight band in the grain, diffused
throughout the crystal or remained on the crystal surface is unknown.
Looking at the relative aging stability of the coated emulsions in
this study adds an interesting extra dimension to the lattice location
question. Whereas initial desensitization could be achieved by co-
precipitating rhodium at any time during an emulsionmake, time of
rhodium addition did possibly play a role in ultimate emulsion stability.
Results from the accelerated aging study hint that the closer to the core
of a growing silver halide grain rhodium is co-precipitated, the more
stable the final emulsion will be with respect to speed gain.
One could conceive of a mechanism by which the
"active"
rhodium incorporated into the crystal lattice migrates to the surface
where it becomes "deactivated". Eachus spoke of the highmobility of
matrix incorporated multivalent ions such as Cd2+ and Pd2+. He
noted that the fate of crystal incorporated Cd2+ is to move toward the
surface in silver bromide crystals and, eventually, encrust the grain.20
By extension, then, it is possible to speculate that the closer to the
grain surface the rhodium dopant is added, the more easily itmigrates
to the surface. Upon reaching the surface some mechanism
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"deactivates"
the rhodium and the overall emulsion rhodium
"effect"
decreases.
Further circumstantial evidence for the migration/deactivation
theory can be found in the reports of Sidebotham and others on the
subject of rhodium stabilization.17-18 They have reported the successful
use of Cd2+ andMn2+ as post-precipitation rhodium stabilizing
additives. These divalent cations on the crystal surface may set up an
electrostatic charge barrier capable of retarding the movement of
lattice bound rhodium ions toward the surface. In essence, the rhodium
would be locked into the crystal.
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4. Conclusion
At the rhodium dopant concentration (mole Rh/moleAg =
6.4 x 10"9) utilized in this study, two major observations could be
made concerning the interaction of a photographically active rhodium
with a silver bromide emulsion:
1. the active rhodium complex must be co-precipitated with the silver
bromide crystals in order to achieve a sensitometric modification
of the final emulsion,
2. the rhodium induced sensitometric change is not stable and will
decay with time under these experimental conditions.
Both rhodium dopant location in the crystal lattice and relative
humidity of emulsion storage appear to have influence on the aging
stability of rhodium doped emulsions. However, further studies will be
required to quantify the statistical significance of these two effects.
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Attachment 1
Plating the Silver Billet Electrode
Before plating a billet the first time, the entire electrode except for
1.25 inches at the end should be covered with 3/16 inch I.D. silicone rubber
tubing.
The silver billet electrode should be plated with silver bromide each
time the electrode is used.
This may be accomplished by using the plating apparatus* which
delivers a constant current of 30 mA for 4 minutes. The procedure is as
follows:
to "deplate" or clean a previously plated or used silver billet, connect
the
"+" lead of the plating apparatus to the counter electrode and the
"-" lead
to the billet which you wish to clean. Place these electrodes in a beaker
containing some 0.17 M KBr and turn on the plating apparatus. As the
deplating proceeds, the color of the AgBr plating will turn pale. Toward the
end of 4 minutes, hydrogen bubbles may also evolve from the billet
indicating that the old plating has been removed. This method of cleaning
prior to plating is recommended over simply scrubbing the old plating off, as
the scrubbing tends to roughen the surface of the billet. If further cleaning is
necessary after the deplating, the billet may be lightly cleaned with a
Scotchbrite pad or sponge.
To plate a cleaned silver billet:
1. Place the billet and a clean counter electrode 3 cm. apart in a 200 ml.
beaker containing fresh 0.17 M KBr.
2. Connect the "+" lead of the plating apparatus to the billet you wish to
plate, and the
" " lead to the counter electrode.
3. Turn the power switch on and begin the plating process by toggling the
switch under the green light. The green light will come on and remain
on for 4 minutes after which time it will go off indicating that the plating
process has ended. The billet should have a uniform brown coating.
Repeat the cleaning and plating process if the coating appears non
uniform. After plating, rinse the billet well with distilled water and store
in distilled water until use.
* Property of RIT Emulsion Laboratory
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Attachment 2
EMULSION PRECIPITATION RECIPE
Emulsion Identification:
Date Pricipated: / /
Solution A
Phthalated Gelatin 12.5 g
Deionized water to 500 ml
Temperature 50C
Adjust pH to 5.0
Solution B
Emulsion grade AgN03 84.9 g
Deionized water to 500 ml
Temperature 50C
Solution C
Emulsion grade KBr 119.0 g
Deionized water to 1000 ml
Temperature 50C
Solution D
Inert gelatin 92.5 g
Deionized water 1000 ml
Adjust pH to 6.5
Solution E* add 1 ml at minute
Na3RhCl6*12H20 1.9 mg
4M NaCl to 1 liter
Lot
Lot
Lot
Lot
t s into precipitation
* premix solution ingredients 20 to 80 minutes prior to addition to
emulsion
Page 1 of 3
Emulsion Identification:
Date Pricipated: / /
Precipitation Preparation Checklist
Analyze deionized water for contamination (AgN03 ppt.)
Plate silver billet electrode
Run water bath off an isolated circuit
.
Check solution and fritted disc of salt bridge assembly
.
Calibrate pH meter (pH 7.0 and 4.0)
silver billet electrode
Actual mVStandard Calc. mV
pBr 1 -46
pBr2 14
pBr3 75
pBr4 139
Page 2 of 3
desired flow
rate (ml/min)
2 .50
2.50
2 . 50
2 . 75
3 . 00
3 . 25
3 . 50
3 . 75
4. 00
4 . 25
4 . 50
4. 75
5. 00
5 . 25
5. 50
5 . 75
6. 00
6. 25
6. 50
6. 75
7 . 00
7. 25
7 . 50
7 . 75
8 00
8 25
8 .50
8 .75
9 .00
9 .25
9 .50
9 .75
10 .00
10 .25
10 .50
10 .75
11 .00
11 .25
11 .50
11 .75
12 .00
12 .25
Stirring rate
Ag pump
setting
Br pump
setting
Ag pump
run time pH
0 mV to 45
0.16
0.16
vary as
needed to
maintain mV
0-1
1-2
5.0
-5000 rpm
Stop Ag pump only
Drop mV to -13 with KBr pump
and dropwise addition of 1.0 M KBr
Restart Ag pump
12.50
0.16 mV co 13 2-3
0.17 3-4
0.18 4-5
0.20 5-6
0.21 6-7
0 .23 7-8
0.24 8-9
0.26 9-10
0.27 10-11
0.28 11-12
0.30 12-13
0.31 13-14
0.33 14-15
0.34 15-16
0.36 16-17
0.37 17-18
0.39 18-19
0.40 19-20
0.42 20-21
0.43 21-22
0.45 22-23
0.46 23-24
0.48 24-25
0.49 25-26
0.50 26-27
0.52 27-28
0.54 28-29
0.55 29-30
0.57 30-31
0.58 31-32
0.60 32-33
0.61 33-34
0.63 34-35
0.64 35-36
0.66 36-37
0.67 37-38
0.68 38-39
0.70 39-40
0.72 40-41
0.73 41-42
n m 42-end
5.0
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Attachment 3
3M
INORGANIC ANALYTICAL RESEARCH
SIMS LABORATORY
From: Steve Pachuta Corporate Research/Analytical
Date: December 14, 1987
Sample Description
Silver halide (AgX) crystals in gelatin with Rh added at various stages
of crystal growth: sample numbers [1 to 5]
Analysis:
The above samples were analyzed with secondary ion mass
spectrometry (SIMS).SIMS is a technique in which material is sputtered
from a surface by bombardment with primary ions or neutrals of kilovolt
energy, and the ionic fraction of the sputtered material is mass-analyzed.
SIMS can detect all elements and many molecular species. Detection limits
vary from about 1 ppb to 10 ppm. SIMS is sensitive to the outermost few
atomic layers of a surface, but depth information can be obtained with
prolonged sputtering.
Samples were prepared for SIMS by Sam Shiffman. AgX crystals
were isolated from the gelatin by enzymatic degradation of the gelatin.
Crystals were then deposited from solution in a thin layer on a smooth
silicon wafer. The goal of this work was to see whether differences could be
observed in the Rh distribution in the crystals.
Because the crystals on Si represented a semi-insulating material, it
was necessary to use an
0"
primary ion beam to avoid charging problems.
The primary beam was rastered over a 500 um area, and positive secondary
ions were monitored. A voltage offset of -40 V was applied to the sample to
minimize molecular interferences.
The sample preparation method employed was very non-reproducible,
and the amount of coverage of the Si was monitored in the profiles to give an
idea of the extent of coverage by the crystals.
It appears to me that it is not possible to accurately determine the
distribution of Rh in the crystals by the method attempted here. Gross
differences in the Rh profiles are just not apparent. The only significant
thing observed is that sample x contains at least a factor of 100 more Rh than
the other five samples. The amount in the other samples is somewhere
around or below 10 ppm: this is right at the detection limit of our
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instrument. [The detection limit for these samples is determined by the
amount of molecular interference observed at mass 103, and there is,
unfortunately, quite a lot of interference.]
The determination of the Rh distribution is made extremely difficult
by low sensitivity and the lack of a sufficiently reproducible sample
preparation method. Perhaps greater success could be achieved with a
careful study in which crystals are doped with large amounts of Rh, and no
gelatin is used. This would obviously be very time-consuming and
expensive, but there does not seem to be an easy way out. If you would like
to discuss these results, feel free to give me a call.
Steven J. Pachuta
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